Background-The Kidney Donor Profile Index (KDPI) is a more precise donor organ quality metric replacing age-based characterization of donor risk. Little prior attention has been paid on the outcomes of lower quality kidneys transplanted into elderly recipients. Although we have previously shown that immunological risks associated with older organs are attenuated by advanced recipient age it remains unknown whether risks associated with lower quality KDPI organs are similarly reduced in older recipients.
Introduction
Renal transplant represents the treatment of choice for patients with end-stage renal disease (ESRD) due to reduced morbidity and mortality compared to maintenance dialysis. (1, 2) In recent years higher adjusted rates of ESRD among older patients (3) have been coupled with an increased age of candidates on the waiting list. (4) Although some patients prefer to remain on dialysis and wait for a better quality organ, the utilization of lower quality donor organs has led to shorter waiting times for some recipients. (5) Due to the limited supply of deceased donor organs nationally, it is imperative to succinctly identify the relative hazards associated with lower quality organs to minimize the discard rate overall.
On March 26, 2012, the Kidney Donor Profile Index (KDPI) was made available with every organ offer in the UNOS allocation system. (6) This measure provides a continuous scale estimating the likelihood of graft failure based on ten donor factors known at the time of organ offer. (7) Moreover, the KDPI is more precise than the prior extended-criteria donor (ECD) / standard-criteria donor (SCD) distinction. (8) The KDPI will be integrated to the national allocation scheme in 2014 and will preferentially assign the best quality organs to recipients with the longest projected post-transplant survival. (9) Despite much prior attention given to the best quality organs, less is known regarding outcomes associated with lower quality organs and some transplant professionals have indicated the need for additional education on how to incorporate the KDPI into clinical decision-making. (6) Advanced donor age has been linked to decreased graft survival in renal transplant recipients overall. (10) However, our previous work has shown that the risk of graft loss associated with older donor organs is attenuated in older recipients (11) , perhaps owing to the relative immunosenescence of these patients. (12) However, whether the relative hazards associated with poorer quality organs as measured by the KDPI are similarly reduced by advanced recipient age are heretofore unknown.
As such, we sought to quantify the likelihoods of graft loss and recipient mortality associated with different levels of organ quality among cohorts of increasing recipient age. We hypothesized that advanced recipient age would not increase the hazard of graft loss or recipient survival. Moreover, we set out to test the correlation of organ quality and transplant outcome in the elderly recipient population. Table 1 lists demographic characteristics by recipient age. Female, Black, and Hispanic patients were less likely to be transplanted after age 69. Hypertension-related renal disease increased with recipient age, and diabetes-related disease peaked in the seventh decade but declined thereafter. A smaller proportion of recipients >70 years had been on dialysis >4 years compared to younger age groups.
Results

Recipient Characteristics by Age Cohort
Co-morbid hypertension, diabetes, angina, and peripheral vascular disease increased with recipient age. The proportion of HCV positive patients was highest among recipients in the fifth and sixth decades. Recipients >70 years were also more likely to be overweight but less likely to be severely/morbidly obese. An increased proportion of recipients >70 years also had PRA = 0 whereas a lower proportion of these recipients had a PRA in the higher ranges (i.e., 61-80 and 81-100).
Although the majority of very low quality organs were transplanted into recipients younger than 70 years, recipients 70 years and over received these organs with higher frequency (Figure 1 ). The probability of receiving a very low quality organ increased dramatically with age from 10% among ages 18-29 years, to 38% among ages 70-79 years, and 42% in recipients 79 years and over (p < 0.0001). Conversely, the likelihood of receiving a very high quality organ decreased with recipient age, where recipients 70-79 years and >79 years received 13% and 11% of these organs, respectively (Table 2) . Similar trends were observed in the transplantation of high quality organs among older recipients.
Unadjusted Graft and Patient Survival by Organ Quality and Recipient Age Cohort
In all recipients up to 69 years, we found that decreasing organ quality predicted worse graft survival and patient survival (only recipients 50-59 years shown). However, for ages 70-79 years and >79 years we found increased variability in recipient outcome by organ quality. For example, very high quality organs were not predictive of the best graft survival at most time points following transplant ( Figure 2 ). Albeit less pronounced, similar patterns were observed when analyzing death-censored graft survival comparing older and younger recipients. Similarly, when examining overall recipient survival, organ quality appeared more predictive of recipient mortality among younger recipients, but very high quality organs were not associated with the best patient survival in recipients aged 70-79 years.
Additionally, because the 70 and over population appeared to have several distinguishing characteristics compared to younger groups (lower sensitization profile, more males, and fewer patients on dialysis >4 years) we performed sub-analyses for these characteristics and concluded that these factors likely did not account for age-related differences in recipients 70 and older (not shown).
Adjusted Uncensored Graft Survival
Multivariable analysis explored hazard ratios for graft loss by organ quality and recipient age using medium quality (3 rd quintile KDPI) kidneys as the reference group (Table 3) . Among all recipients <70 years, we found statistically significant differences in graft survival by organ quality category. However, for recipients 70-79 years we found no significantly increased risk associated with transplantation of low quality organs (HR 1.05, 95% CI 0.97-1.14, p = 0.22) compared to medium quality organs. Although recipients >79 years showed a trend towards worsening graft survival with declining organ quality, all but very low quality kidneys achieved statistical significance (very high quality: HR 0.90, 95% CI 0.75-1.07, p = 0.24; high quality: HR 0.89, 95% CI 0.74-1.06, p = 0.20; low quality: HR 1.08, 95% CI 0.94-1.24, p = 0.28).
When comparing the hazards for graft loss associated within each organ quality category by age group, we found that recipient age alone did not appear to increase the relative hazard of graft loss. In fact, for high quality organs, the relative hazard of graft loss appeared to decrease after age 69 for low quality kidneys. Additionally, among all recipients of very low quality kidneys, the relative risk of graft loss appeared to be the lowest among recipients >79 years old (HR 1.26, 95% CI 1.13-1.41, p < 0.001).
Adjusted Death-censored Graft Survival
Death-censored (DWFG) analysis demonstrated that improved organ quality predicted significantly better graft survival for recipients <70 years old. In recipients 70-79 years old, we found an increased but non-significant relative hazard of DWFG graft loss associated with low quality kidneys (HR 1.11, 95% CI 0.95-1.28, p = 0.19). For recipients >79 years old, although there was a clear death-censored graft survival benefit afforded by the transplantation of very high quality kidneys (HR 0.46, 95% CI 0.28-0.70, p < 0.001), no significant benefit was associated with high quality kidneys (HR 1.03, 95% 0.73-1.41, p = 0.88). For high and low quality kidneys, 70-79 year old recipients had a lower relative hazard of DWFG graft loss compared to the youngest recipients. Additionally, for very low and low quality organs we found that the oldest recipients (>79 years) had the smallest relative hazard of death-censored graft failure for any age group (Table 3) . When comparing the relative hazards for graft loss by organ quality and recipient age group, we observed similar trends in death-censored as in uncensored analysis. Moreover, among all recipients of very low quality kidneys we found that patients >79 years had relative hazards lower than 50-79 year olds and comparable to recipients 40-49 years old.
Adjusted Overall Recipient Survival
Among recipients in the 50-69 years old, the receipt of a low quality kidney appeared to significantly decrease patient survival (Table 3) . However, for recipients 70-79 years, low quality kidneys were not significantly associated with increased risk of death (HR 1.03, 95% CI 0.94-1.13, p = 0.51). A similar finding was observed for recipients >79 years who received low quality kidneys (HR 1.08, 95% CI 0.93-1.25, p = 0.31). Moreover, in this cohort we observed a non-significant overall survival benefit associated with high (HR 0.89, 95% CI 0.73-1.07, p = 0.24) and very high quality kidneys (HR 0.99, 95% CI 0.82-1.18, p = 0.87). Interestingly, although low quality kidneys significantly increased the relative hazards of uncensored and death-censored graft loss overall in recipients <50 years, there was no significantly increased hazard of mortality for recipients 30-39 years (HR 1.04, 95% CI 0.96-1.13, p = 0.31) or 40-49 years (HR 1.01, 95% CI 0.96-1.07, p = 0.61).
Compared to all recipients of high and low quality kidneys, recipients aged 70-79 years had a relative risk of mortality equal to or below the risk of death as recipients <50 years. Additionally, 70-79 year old recipients of very low quality kidneys had a lower relative hazard of death compared to the recipients in the fifth and sixth decades of life, and recipients >79 years had the lowest relative hazard of death of any age group (HR 1.19, 95% CI 1.05-1.34, p = 0.006).
Discussion
Our findings demonstrate a more modest relative hazard of uncensored and death-censored graft loss associated with low quality kidneys compared to medium quality kidneys in recipients > 70 years. We have also shown that advanced recipient age alone does not increase the relative risk of graft loss associated with low quality KDPI (61-80 th percentile) kidneys. With respect to overall survival, we found that medium quality kidneys provided a more modest relative survival benefit compared to low quality kidneys in recipients aged 70 years and over. Moreover, these findings do not seem attributable to differences in recipient characteristics such as lower degree of sensitization, more males, and fewer patients who have spent >4 years on dialysis. Because our results are expressed in terms of hazard ratios, it is important to note that they refer to age-specific relative (in contrast to absolute) risks.
Immunoscenescence may contribute to the decreased relative hazards associated with low quality kidneys. Previously, we were able to show that the augmented immune response to older organs is blunted if older organs are placed into older recipients. (11), (12) However, given the non-significant benefit of very high quality kidneys in uncensored graft survival in recipients >79 years, it is possible that the decreased overall life expectancy in this population masked the potential impact of organ quality in this group. In contrast, it was also interesting to note that recipients >79 years did have a significant DWFG survival benefit associated with very high quality kidneys. Because this group has an increased proportion of non-sensitized patients (not shown) it is plausible that this provides some explanation for these differences. However, the inability of these patients to enjoy the complete lifetime of higher quality KDPI kidneys may support the allocation of higher KDPI kidneys into older recipients.
Heaphy et al. also investigated the interaction between donor and recipient characteristics in kidney transplantation. (13) Similar to our work, they questioned whether current concepts of "donor risk" were uniform for all recipients, and found using a different large dataset that, "the impact of donor risk varies dramatically with respect to recipient...age." However, unlike their work (which compared associated risks of organ quality between age groups above and below 60 years) our study has examined the effect of organ quality within age groups. Furthermore, because our study sub-stratified recipients 60 years and over by decade, we were able to discern interaction between donor and recipient factors that were not detected when grouping recipients into above vs. below 60 years. In our analysis, we found that recipients 60-69 years old did derive a statistically significant graft and recipient survival benefit from medium compared to low quality kidneys, whereas patients older than 69 years did not.
We believe there are several important implications of our findings. Transplant programs have heightened regulatory oversight compared to other medical and surgical disciplines, with the risks of "underperformance" potentially leading to some centers to choose more risk-averse behaviors including declining offers from organs of low or very low quality. (14) Our results suggest that the utilization of these organs in older recipients may occur without significant detriment to outcomes. It is also known that kidneys with a higher KDPI have an increased likelihood of being discarded, with recent estimates being between 15-30% for KDPI scores of 61 st -80 th percentile (i.e. our "low quality" group). (15) However, our results suggest that some of these organs with an increased risk for discard may be used safely in older recipients leading to an improved utilization and potentially shorter waiting times.
Renal transplantation in older recipients not only improves morbidity and mortality (16) but also has been shown to impact quality of life. (17) One single-institution study found that non-diabetics had a significantly higher health-related quality of life following renal transplantation. (18) Given that co-morbid diabetes is lower among older recipients, it is possible that this finding may be generalizable to a large number of this population. Our findings may also aid in educating older recipients regarding the relative hazards associated with the transplantation of select donor organs of lesser quality.
The introduction of organ quality metrics into national organ allocation policy has the potential to dictate the availability of organs to certain age groups. Although the KDPI's prediction value has been described as having moderate predictive accuracy, it is worth cautioning that the quantitative risks of graft loss vary among recipient subgroups. It is therefore valuable to consider these differences when advising patients and accepting organ offers in light of the available evidence. Although our analysis does not account for every possible risk factor associated with kidney transplant, we do hope to better characterize the risks of death and graft loss empirically associated with different levels of organ quality as measured by the KDPI. We emphasize here that for older recipients all decreased quality organs (as defined by the KDPI) do not translate to similar alterations in risk of graft loss or death as they do for younger recipients.
Because a smaller number of transplants occur in patients over 70 years, it is possible that our findings imply a type II statistical error. However, our study had in each cohort of age and organ quality a sufficient number of events to detect a statistically significant difference. Additionally, the measure we used for organ quality does not include every quality or risk factor related to graft failure, but only those currently included in the KDPI. Another potential explanation for our findings could be center-level volume and experience differences in the transplantation of recipients > 70 years. However, because our data set did not provide information at the institutional level, we were unable to analyze this as a potential cause. Moreover, we did not seek to quantify the survival benefits afforded by the transplantation of different levels of organ quality in each subgroup. We believe this is an important clinical question worthy of further study.
In conclusion, we report that low quality deceased donor kidneys as measured by the KDPI have no additional relative hazard of graft loss or mortality in recipients 70 years and over. This information should be used to inform clinicians and older candidates on the benefits of transplantation of low quality deceased donor kidneys and to assist in guiding national organ allocation policy.
Materials and Methods
We utilized United Network for Organ Sharing (UNOS) data as provided in the Standard Research and Analysis (STAR) file to analyze outcomes in 137,311 adult patients who received deceased donor renal transplants between January 1, 1995 and December 31, 2010 with follow-up through October 12, 2012. Exclusion criteria included recipients younger than 18 years of age, those with any prior organ transplant, recipients of en-bloc renal transplants, multi-organ transplants, and those for whom a donor Kidney Donor Risk Index (KDRI) could not be calculated.
Independent variables included donor organ quality represented by KDPI quintiles (i.e., "very high quality": KDRI 0.34-0.94, KDPI 1 st -20 th percentile; "high quality": KDRI 0.95-1.11, KDPI 21 st -40 th percentile; "medium quality": KDRI 1.12-1.30, KDPI 41 st -60 th percentile; "low quality": KDRI 1.31-1.53, KDPI 61 st -80 th percentile; and, "very low quality": KDRI 1.54-3.19, KDPI 81 st -100 th percentile). Donor factors entering into the calculation of the KDRI are listed in SDC, Table 1 . Cold ischemia time was also considered as potentially predictive of outcomes but was not included in the analysis because there were no significant differences across organ quality groups. Primary outcomes were graft failure (counted as return to dialysis and recipient death), death-censored graft failure or DWFG (where only return to dialysis was counted as graft failure), and overall recipient survival. We divided recipients into age-specific strata by decade for independent analyses. Separate multivariable Cox proportional hazards models were used to assess relative risks of donor organ quality by age group on dependent variables and to control for covariates. We considered for inclusion fourteen recipient-and transplant-specific covariates including: sex, ethnicity, cause of renal disease, dialysis vintage, hypertension, diabetes, angina, cerebrovascular disease (CVD), peripheral vascular disease (PVD), anti-HCV positivity (HCV), functional status, body mass index (BMI) category, peak panel reactive antibody (PRA), and organ quality category. Stepwise backward selection was used to create a unique model for each age stratum and outcome with criteria for inclusion being p<0.05. The majority of organs, include those of low and very low quality, are transplanted into younger recipients. However, the probability of receiving lower quality organs increases with age. Graft survival decreases with decreasing organ quality in recipients 50-59 years old ( Figure  2A) , however, the highest quality kidneys do not predict the best graft survival in 70-79 year old recipients. (Figure 2B ). Moreover, recipient survival also decreases with decreasing organ quality in recipients 50-59 years ( Figure 2C) , however, the highest quality donor kidneys do not predict the best survival in 70-79 year old recipients ( Figure 2D ). Table 1 Demographic characteristics of transplants and transplant recipients by age cohort. 
